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DRAWINGS ATTACHED 
(21) Application No. 42086/69 (22) Filed 22 Aug. 1969 
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(52) Index at acceptance C3H 3 

(72) Wa,„„ ASAJIKONDO, MASAO KITAJIMA and SHIZUO 
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(71) Wc, Fuji Photo Film Co. Ltd. a 
Japanese Company, of No. 210, Nakanuma, 
Minami-Ashigara-Machi, Ashigara Kamigun, 
Kanagawa, Japan and Toyo Jozo Co. Ltd a 
Japanese Company, of No. 632-1, Mifuku, 
Ohhito-Cho, Tagatagun, Shizuoka, Japan, do 
hereby declare the invention for which we pray 
that a Patent may be granted to us, and the 
method by which it is to be performed, to be 
particularly described in and by the following 
statement: — ° 

This invention relates to an enzyme-contain- 
ing microagglomerate and to a method of pro- 
ducing the same. More particularly, it relates 
.enzyme-containing microagglomerate 
which, in dry state, protects the enzyme but, 
when put in water, quickly breaks down form- 
ing an aqueous solution of the enzyme. 

There are a variety of commercially avail- 
awe enzymes, such as protease, lipase, carbo- 
hydrease and the like that act on high molecu- 
lar weight substrates, and there are also avail- 
able enzymes, such as peroxidase, hydrase, 
amidase and the like that act on low moS 
SLS* Substrat !?- These enzymes are 
^ ^ •L TOmmeraalI y available in the form 
fjJl P 0 ^' The y arc Prepared, usually, 
t m a ,? £oas f lutions ° f crude enzymes by 
the addition of acetone, alcohols or the like 
as a precipitant. 

fairfS* V ^7f a l en ?y m es, in most cases, are 
fairiy quickly deactivated by the presence of 
moisture or contact by other substances. For 
^^'^ered. lipase, when mixe^wim I 
detergent for cleaning use, often loses its acti- 
vity due to the influence of the detergent 
^ ei ?° r t' Ceitain P°^ered enzymes^ 
glomerate through absorption of mature ?n 

w^°* ParUally ■«*"»■* when put in 
^?ffil°i; 0im aqueous s«>l«tions. This makes 

„Ii e P"* 01 invention consists in providing 
C ° nta,nmg microa Rglome ra tes com? 
pr sing an enzyme and particles of a swellable 
solid agglomerated in a binder substance 
[Price 2Sp] 



of ^ r ^ Zyme " C ° nta ! nin S microagglomerates 
or the present invention overcome me disad- 
hTS Z^* 5 ™: Ponders, that is to say, 
by microagglomeration, the enzyme is protec- 

SLS" 1 •T 1St ? re in ^ as well as from 
contact with other substances, and the micro? 
agglomerate do not bulfc-agglomerate in air 

DartiU^U'* In ^ C f0nn ^ spherical soUd 
parades. When put in water, the microagglom- 
erate is expanded and broken- down by Ae 
actjon of Ae swellable particles, contdned 
merein, to form an 0 ^ «™ea 
without bulk-agglomeration. soiuoon 
The invention also includes methods of 
making such enzyme-containing microagglom- 

* n general, the enzyme-containing agglom- 

bv^o™L he 5^ nt - inventiOT adduced 
by fonmng a dispersion of an enzyme, a bin- 
der, a solvent for said binder, aim swellable 
particles which are insoluble in me^ofvSv 

Zl¥? y Mid dis P ersion at a temVera- 

lure below that at which the enzyme undergoes 
denaturanon. The binder may be cither wluS 
or organic compound soluble. 

die ^^J^*"? 1 J* ^ P resent invention 
™ en f y ™ e »f. dj^olved or dispersed in a solu- 
^n of the binder and solvent. The swellable 
Prides are then dispersed in the mixture and 
SL^ hmg is dried. However; 

when the enzyme and/or the swellable agent 
^n only w,ti . difficulty be dissolved or d^- 
pereed m the binder solution, they may be d£ 
persed in a solvent prior to mixing in the bh- 
der solunon. The solvent utilized under these 

to^TbTnT T 1,6 ? C S3me as or dJff er^t 
to the binder solvent but must be one which 
wiU not deleteriously affect the res^tm™* 
pension and drying steps. 

a 1 * microa Sg Iomcrates *ai are the product 
of the present invention vary in size according 

util^y'? 5 ty P e J of paying apparatus 
?™™ V n genera1 ' * e P rodu « sizV varies 
froma few to several thousand microns. Pre- 

SSin^ S iza ^ on P ro "des particles of 
from 10 to 2000 microns. 
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The accompanying drawing is a diagram- 
matic cross-sectional view of an enzyme-con- 
taining microagglomerate in accordance with 
the present invention, wherein tightly packed 
. 5 particles 1 of powdered enzyme and sweilable 
particles 2 are enclosed by a binder substance 

As a binder solution used in the practice of 
the present invention, there are included solu- 
10 tions in methanol, acetone, or like organic .sol- 
vents, of a water and organic solvent-soluble 
material, such as cthylene-maleic anhvdride co- 
polymers, vinyl methyl ether-maleic anhvdride 
copolymers or the like. Also, aqueous solutions 
15 of a water-soluble material, such as gelatin, 
casein, dextrin, dextran, gum arabic, cellulose 
derivatives, polyvinyl alcohol (PVA), agar- 
agar or sodium alginate may be utilized. The 
concentration of the solution mav be varied 
20 from 0.1% to 20%, preferablv l to 20% bv 
weight depending on the viscosity. However, 
in order to attain quick breakdown in water, 
the binder should be used in as small an 
amount as possible, as determined bv experi- 
& mentation. Of course, the binder should be 
such that it is unaffected bv the enzvme in- 
corporated therein. The binders which are pre- 
ferred in the practice of the present invention, 
must keep the enzyme active, and include those 
30 which exhibit excellent affinitv for water, and 
dissolve in organic solvents having low boiling 
points. Examples of such binders are vinyl 
methyl ether-maleic acid or anhydride copoly- 
mers (PVM/MA) gum arable and dextrin. " 
35 The sweilable particles are finelv divided 
solids that do not react with the binder, do 
not deactivate the enzvme, are insoluble in the 
solvent for the binder, and undergo such 
physical changes as solution, swelling 
4U and breakdown upon contact with 
water. Examples are silica gel, (mois- 
ture content 3—6%) clay, starch, powdered 
dextran, gelatin, cured gelatin and casein. 
Among these, silica and starch are easilv ob- 
45 tamable and function well. The sweilable 
powder is preferably present in an amount of 
from 0.5 to 30 times the amount of binder 
present by weight. 

In view of the above disclosure it can be seen 
w that solvents such as water, acetone and lower 
alcohols are preferred. However, anv solvent 
that evaporates at a temperature low enough 
to avoid denaturation of the enzvme and meets 
- a J e J solubiIit > r - i nsolubilit\' requirements of the 
55 binder and sweilable agent may be utilized. 

The amount of enzyme utilized varies in ac- 
cordance with its titer as well as the desired 
nnal concentration. 

For spray drying there may be emploved 
60 any of the commercially available sprav drvers, 
for example, both centrifugal atomiWtvpe 
and spray nozzle-type drvers mav be used. 
i>ince most enzymes undergo denaturation at 
temperatures above 60°C the drving is advan- 
65 tageously carried out at room temperature or 



at a somewhat higher temperature at which the 
inside of the capsule is maintained at a tem- 
perature that does not cause denaturation of 
the enzyme. Exemplary drying temperatures 
are: organic solvent, inlet 80°C, outlet 60°C, 70 
and water, inlet 150°C, outlet 100°C. 
■ The sweilable powder utilized in the present 
invention is necessary in order to allow the 
capsule to dissolve quickly. When gelatin is 
utilized as the sweilable material, it is usually 75 
dispersed into a PVM/MA-acetone solution. 
However, when dextrin is used as a binder, an 
aqueous solution is formed, but when used as 
the sweilable agent, the dextrin is dispersed in 
an organic solvent. Also, since casein is soluble 80 
in alkali it may be used as a binder in weak 
alkali solutions, but in other cases operates as 
the sweilable powder. 

Example 1 

A binder solution prepared by disolving 20 85 
g. of an ethylene-maleic anhydride copolvmer 
in 100 ml. of a 1:1 mixture' of methanol and 
acetone was mixed with a liquid dispersion 
prepared by dispersing 100 g. of powdered 
lipase and 80 g. of powdered dextran in 800 90 
ml. of acetone to form a spraying liquid dis- 
persion. The dispersion was sprayed through a 
nozzle having a diameter of 1.3 mm under a 
pressure of 1 Kg/cm= gauge into a dryer cham- 
ber of a diameter of 1 m. and a depth of 2 m. 95 
while passing therethrough 1.3 cubic meters 
per minute of hot air. The air temperature at 
inlet was 70°C and at outlet was 40°C. Thus, 
there were obtained 130° g. of lipase-contain- 
mg agglomerates of particle sizes of from 20 100 
microns to 100 microns. The Iipase-containing 
agglomerates exhibited a rate of solution sub- 
stantially equal to that of the powdered lipase 
before agglomeration. The agglomerates were 
stored in admixture with a commerciallv avail- 105 
able granulated detergent for 3 months without 
any decrease in the activity of lipase being ob- 
served. 

Example II 
The procedure of Example I was used but 110 
the milk coagulating enzyme rennet was used 
in place of lipase. The rennet-containing ag- 
glomerates thus obtained quicklv dissolved in 
water or milk without any bulk agglomeration. 

Example III 115 
An aqueous binder solution prepared by dis- 
solving 20 g. of dextrin in 300 ml. of water 
was mixed with a liquid dispersion prepared 
by dispersing 200 g. of fine silica and 20 g. of 
lipase in 350 ml. of acetone. The liquid dis- 120 
persion, thus formed, was subjected to micro- 
agglomeration by means of a Minor Unit 
Spray Dryer. The dryer was operated at a 
S ? e f^«t 20,000 rpm, a temperature at inlet 
of 120°C, temperature at outlet, of 60°C, and 125 
with an air stream of 1 cubic meter per minute. 
The dropping rate of the dispersion was 500 
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enz y me - c <>ntaining microagglomerate 

able soLd as hereinbefore denned agglomerated 
m a binder substance. ssiumeratea 

in<? 'JUH Cth0 , d ° f P roducin g enzyme-contain- 

solvent for said binder, and sweUable partcles 

sam solvent, and spray-drying said disnersion 

enzyme undergoes denaturation. 

t . 3 ; j? method as claimed in Claim 2, wherein 

said dispersion is formed by dissolving or7i s 

der and said solvent, and dispersing therein 

P a " lc l« of said swellable solid g 

.,-1' melho . d as claimed in Claim 2, wherein 

a solution of said binder Ynd solvent 



5. A method as claimed in Claim 2, wherein 
3d W 5 « dissolved and said £££ 
o ti^-" 1 a solvent therefor prior 
« i ^T g d'^ioa with a solution of 
said binder and solvent. 

6. A method as claimed in any of Claims 
♦ d Wl ) Crem ssud swe UaWe solid is silica eel 

starch, clay, dextran, gelatin, cured gelatinor' 

r n ? k \ metil0d as claimed in any of Claims 2 

oSc^K 6 aC « one « « aqueous 
8. A method as claimed in any of Claims 
3to7, wherem the solvent for the enzyme is 

and n^hn!f ^ e ' C ?? tai T g mic ™aggl°nierate 
a^nb3ored«Sfcld the ™* 

GEE AND CO., 
Chartered Patent Agents, 
51/52 Chancery Lane, 
London, W.C.2. 
Agents for the Applicants. 
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